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of the Assembly Bay in the Meter Factory at Stafford Works. 
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The Illustrations show : 


TOP. A general view of the Steel Foundry from the furnace platform. 
This bay is 330ft. long by 75ft. wide. There is also another bay |75ft. 
long by 35ft. wide. Babcock overhead electric travelling cranes are 
installed, one 10-ton, two 5-ton, and one 2-ton capacity. 

CENTRE. Shows two Herault Type Electric Furnaces supplied by 
Siemens-Schuckert (Great Britain) Ltd. Each of these melts a 3-ton 
heat of steel in 24 hours for steel castings to all British Standard 
Specifications. 

BOTTOM. A Herault Electric Furnace supplied by the Electric Furnace 
Co. Ltd., having a capacity of I5-cwt. melt in 2 hours. This furnace 
is used for production of special alloy steel castings. 

All furnaces are basic lined and have automatic electrode control. 


BABCOCK 


= castings have been manufactured 
at our Renfrew Works for more than 
twenty years. Equipment of the Found- 
ries is entirely up-to-date and all processes 
are under complete scientific control. 


Approximately |,000 tons of carbon steel 
and 150 tons of alloy steel finished cast- 
ings are produced per annum, the 
majority of which have to satisfy outside 
specifications and tests. 


Test pressures to 2,400 Ibs. ‘sq. inch are 
not uncommon. 


& WILCOX LTD 


BABCOCK HOUSE, 34 FARRINGDON STREET, LONDON, E.C. 
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ASSOCIATED BRITISH MACHIN Ne T TOOL MAKERS 
17 Grosvenor Gardens, LIMITED. London, S.W.1| 


For further particulars write to: 


17, GROSVENOR GARDENS 
LONDON S.W.1 


The ABMTM group of machine-tool makers covers the whole 
field of machine-tool building, giving the engineer at home and 
abroad a unique manufacturing and sales service. 


Apart from the main specialities ot the Associated firms, customers 
have the advantages of the pooled research, the accumulated 
experience and the entire technical resources of ‘the whole group. 


The abundant advantages thus provided by group co-operation 
will be obvious. The after-sales service provided is of a kind 
beyond the scope of the single manufacturer. 
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ZB \Y But though it's fashionable 
to invent high-sounding 
“Ly terms to describe fancy 
ES theories about the 
causes of wear in 
cylinders and 
bearings, the fact 
remains that wear 
1s caused by friction, 
sometimes in conjunc: 
tion with harmful 
products of combustion. 
Years ago Wells and 
Southcombe found that 
friction between the 
working parts of engines 
is greatly reduced by a 
property which they 
called “oiliness”. Of 
course all lubricants 
have some “oiliness” 
but the practical value 
of the Wells-Southcombe 
process Germ” brand oils) 
is that the natural “ oiliness ” of 
high quality oils is greatly increased. 
Others are now claiming to increase 
‘oiliness” by the use of “ addition” agents 
and “concentrates” but “Germ” oils are in 
advance of all others and remain first in the field. 
Millions of gallons of “Germ” oils have been used in all 
kinds of engines operating in all kinds of climates so that we 
can safely claim “Germ” oils are already fashionable. When we say 
that engines will be worn less this season we are only saying 1n another 
way that more and more engine owners will be changing over from ordin- 
ary oils to “Germ” oils—that “Germ” oils are becoming very fashionable. 
Rather snappy. this advertisement, don't you think? We didn't do it quite by 
ourselves. The fact is we sold the Wells-Southcombe patent for North America 
to the Continental Oil Company of Ponca City, Oklahoma, and with their per- 
mission we've copied the lay-out of a full page in the “Saturday Evening Post.” 
about Conoco “Germ” processed oils which have become so fashionable in U.S.A. 
To be serious again—if youre not already using “Germ” oil it would be worth 
your while to write us. We can ensure minimum wear in your engine and, 
after all, that's what you buy oil for! “Germ” oils are made in England 
and although they reduce friction more than any other oils, they are 
not expensive, as their cost is not inflated by heavy advertising. 


GERM LUBRICANTS LTD., LONDON, E.C.2, & SALFORD 3, LANCS. 
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comes 
from infinite 
technical care 
—and 
experience 


Tel. : Mansion House 7211-2 & ive Trent 5272-4 


TAS/TE 2. 


Taylor Tunnicliff & Co. Ltd., 110 Cannon St., London, E.C.4, Factories at Hanley, Stone & Longton, Staffs. 


“ARCLIGHT ” 
CONTINUOUS 7 


INDEPENDENT ALL-GEARED PHOTO COPIER 


(BRITISH PATENTS 248842, 326445, 424890) 


WRITE FOR CATALOGUE D 52 D 


As supplied to the British, and foreign governments, 
the “Arclight”? Continuous Electric Photo Copiers are 
thoroughly well-conceived, designed and constructed. 
The operation is simplicity itself. Speedy output is a 
characteristic, and the unit principle construction, as shown 
in the catalogue, provides for conversion for additional 
output. From the point of view of value, this machine 
leaves nothing to be desired. We invite you to send your 
enquiry and to secure particulars of this dependable copier, 
which finds favour in so many offices. 


E.N.MASON & SONS LTD. 


Arclight Works, Colchester 8/9, Ivy Lane, London, E.C.4 
Telephone: COLCHESTER 2266 Telephone: CITY 5676 


No. A£02 42 inch SIMPLEX MACHINE 
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Photegraph by co.rtesy of the English Electric Co, Ltd. and the Yorkshire Electric 
Power Co, 


STERLING INDUSTRIAL PAINTS 


Suitable for use on 
Transformers 
Switchgear 
Kiosks, etc. 


We should like to draw your attention to 


the STERLING THREE-COAT PROCESS which 
is suitable for outside gear of all types. 


Please write for descriptive leaflet. 


STERLING INSULATING VARNISHES— 


Supreme since 1891. 


THE STERLING VARNISH COMPANY, LIMITED, 
Fraser Road, Trafford Park, 
Manchester 17. 


Trafford Park 2231. 
Dielectric’? Manchester. 


Telephone : 
Telegrams : 


“LION” 
For 


Cranes, 


Hydraulic 


Accumulators, 
Presses, etc. 


friction. 


WRITE 


FOR CATALOGUE H. 6. 
JAMES WALKER & CO., LTD. 
“LION” WORKS - WOKING - SURREY 


PHONE. WOKING 2255 (4 lines). GRAMS, LIONCELLE 


AUTOMATIC TYPE 


Lifts, 
Will stand the 
highest pressure with the minimum of 


“GRAFITOIL” 
JOINTING 

For very Hot Oil Joints. This 
Jointing possesses great tensile 
strength. Sample for testing 
gladly supplied. Obtainable in 


sheet and cut joint form. 


“GASKOID” Jointing is 
permanently Oil and Petrol 
resisting. The material is tough 
yet supple and is used extensively 
on very important jobs. Write 
for Free Trial sample. 


NTINGS 
FOR ALL PURPOSES AND PRESSURES 
KS 
G O 
— 
JAMES WAY KER & Co.LTO, WOK) 
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Besides describing 


SILVERTOWN ” 


Transformer & Switch Oils, 
Penetrol”’ Heavy Insulating 
Oils, Cable Oils & Com- 
pounds—these booklets con- 
tain hints for their care and 
maintenance in service. No 
engineer responsible for the 
operationand maintenance of 
transformers and switchgear 
should be without a copy. 
Fill in and return the coupon 
below for your FREE copy. 


To SILVERTOWN LUBRICANTS LIMITED—MINOCO WHARF, WEST SILVERTOWN, LONDON, E.16 


PLEASE SEND ME THE FOLLOWING SILVERTOWN ELECTRICAL OILS BOOKLETS :— 
O Section A SILVERTOWN TRANSFORMER AND SWITCH OILS 


Oo » B ‘“PENETROL” HEAVY INSULATING OILS 
oO » © SILVERTOWN CABLE OILS AND COMPOUNDS 
(Tick Booklets Required) 
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CENTRIFUGAL CLUTCH 
COMBINED WiTh Pimion 
ORIVING BACK GEAR. 


CENTRIFUGAL 


ENSURES EASY STARTING OF 
MOTOR AGAINST FULL LOAD 
WITH MINIMUM CURRENT 


For starting up all classes of machines 
with large inertia to overcome 
a Broadbent Clutch is often absolutely 
necessary 


Let us send a copy of our Catalogue 


THOMAS BROADBENT & SONS LTD. 


1581 (4 lines) HUDDERSFIELD 
HUDDERSFIELD 
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All Cables can be supplied 
with any type of armouring — 


For underwater use, cables 
are provided with a special 
- protective covering which 
shields the lead sheath 


* 


LET US ADVISE YOU ON YOUR NEXT CABLE PROBLEM 
SIEMENS BROTHERS 


WOOLWICH , LONDON, S.E.18 
ESTABLISHED /858 


Telephone : WOOLWICH 2020 
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EDITORIAL. 


The first article in this issue, “* Steam 
Turbines Past and Present,’ commences 
with a review of the earliest known types 
of turbines. An interesting fact given is 
that the two fundamental principles on 
which the modern steam turbine operates, 
namely, reaction and impulse, were known 
many hundreds of years ago, being used 
respectively by Hero in his turbine of 
120 B.c. and by Branca in his turbine 
designed in 1629. 


After a reference to early nineteenth 
century turbines, the article continues 
with brief descriptions of the turbines 
developed towards the latter end of that 
century by de Laval, Parsons, Curtis and 
others, which were the first turbines to 
have any commercial application. After 


mention of some of the early turbines 
made by Messrs. Willans & Robinson 
(now incorporated in The English Electric 
Company) the article concludes with a 
brief review of a few of the 3,000 r.p.m. 
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units made by The English Electric Com- 
pany, who have been pioneers in the 
development of turbines of large outputs 
operating at this speed. 


““ Watthourmeter Bearings,” by Mr. G. 
Tilstone, is the title of the second article. 
It is perhaps not generally appreciated 
that the watthourmeter lower bearing is 
the most highly stressed bearing known 
to engineering. The Author reviews the 
fundamental duty of the lower bearing and 
discusses the respective features of the 
ball and the pivot type bearing meters. 
An interesting description is also given 
of the manufacture of the components of 
the “ ball bearing” which the Company 
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have adopted as the standard for the 
“English Electric” range of meters. 

Power Factor improvement is.a problem 
which on occasion confronts most indus- 
trial users of electricity. The concluding 
article deals with the Methods and 
Economics of Power Factor Improvement. 
The Company manufacture a wide range 
of machines for power factor correction 
purposes and a number of these are 
described and _ illustrated. 

Some interesting examples are given 
of the financial savings that can be made 
on a works system by the installation of 
power factor correction machines. Methods 
of calculating the size of correcting 
apparatus are also dealt with. 


Stand No. G8. 
On this Stand the following “ English 


Electric’’ Diesel Engines will be shown : 
A 750 B.H.P. 6-cylinder, 375 r.p.m. type 6L 
engine ; a 220 B.H.P. 4-cylinder, 600 r.p.m. 
type 4K engine (this engine is of the super- 
charged type, direct-coupled to a 150 kw. 
D.C. generator); a 200/220 B.H.P. 6-cylinder, 
1,500 r.p.m. type 6H engine and D.C. 
generator. These engines are of the vertical, 
totally-enclosed type, operating on the four- 
stroke principle. 


A Cordial Invitation is extended to our readers to visit 
the Company's Stands at the 


ENGINEERING and MARINE EXHIBITION 
OLYMPIA, 


September 14th to September 30th. 
GRAND HALL. 


LONDON. 


Stand No. H.13 (welding section). 


On this Stand will be shown a represen- 
tative range of English Electric’ A.C. Arc 
Welding Equipments. Exhibits will include a 
multi-operator set comprising a 3-phase trans- 
former and three welding regulators having 
individual ranges of 17/210, 35/300 and 94/400 
amperes respectively ; also four sizes of portable 
equipments for both light gauge and heavy 
welding duties; the latter includes a unit 
with 24 steps up to 600amps. Welding Demon- 
strations will be given on the Stand each day. 
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Steam Turbines Past and Present.’ 


In power station work where the fuel is coal, 
the steam turbine has become the recognised form 
of prime mover, as it can be built in sizes far 
beyond the capacity of any reciprocating engine. 
Furthermore, it can avail itself of the additional 
energy obtainable from the highest limits of 
pressure, temperature and vacuum, and _ its 
consumption, other than in very small sizes, is 
much lower than could be obtained by any steam 
engine. To-day there are in operation turbines 
capable — of continuously — over 
200,000 kW. 

The history of the steam turbine is contem- 
poraneous with that of electrical machinery, for 
although the turbine has now established its 
position for many other purposes, its develop- 
ment has been fostered almost entirely by the 
demand for a prime mover suited to the 
characteristics of electric generators. In the 
early days of the electrical industry the dynamo 
had to be driven by a belt from the engine as the 
speed of the latter was too low to admit of direct 
coupling. When powers had to be transmitted 
for which belt driving was impracticable, so that 


developing 


direct coupling became essential, two alternatives 
were open, either to construct the generator of 
large diameter so that it could generate efficiently 
when rotating at the same speed as the slow 
speed engine, or to devise a type of engine which 
would run at a higher speed. A certain amount 
of progress was made along the former lines and 
some units of considerable size were built, but 
their cost better line of 
development was that inaugurated by Peter 
Willans, who invented a totally-enclosed single- 
acting engine which could be run at a speed much 
nearer that desired by the dynamo designers. 


was excessive and a 


* Based on a paper ** The History of the Steam Turbine” 
by J. P. Chittenden and J. T. Moore, read before Informal 
Meetings of the I.E.EB. at Leeds and Dundee, December, 
1937, and January, 1938. 


With the demand for generating units of 
greater capacity, the limitation of any type of 
reciprocating engine became apparent, and as a 
result the steam turbine as a practicable type of 
prime mover was introduced by the Hon. Charles 
Parsons and Gustaf de Laval. The work of these 
two great pioneers of the turbine industry was 
started in about 1883-4, so that generally it may 
be said that the development of the steam turbine 
has taken something over fifty years. 


Although the output of the early machines was 
a matter of only a few kilowatts, a new era of 
progress had been inaugurated, and _ electrical 
engineers were now provided with a means of 
obtaining any power they might demand at a 
speed as high as ever they could utilise efficiently. 


Fig. 1.—-Model of Hero’s Turbine, about B.C. 120. 
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Fig. 2.—Sketch of Giovanni Branca’s Turbine, 1629 A.D. 


Fortunately for electrical practice, the relationship 
between efficient turbine speeds and alternator 
speeds is a suitable one, so that no difficulty 
arises in the greatest field of power generation, 
and as outputs of alternators increase, so can 
turbines be designed suitable for driving them in 
a highly efficient and reliable manner. 


The steam turbine is actually of ancient origin, 
having been known about 2,000 years ago. The 
first turbine was made by Egyptian priests in 
about the year 120 B.c., and is described by Hero 
of Alexandria in his treatise on “‘ Pneumatics.” 
It consisted, as will be seen from Fig. 1, of a hollow 
ball mounted on its axis between two pivots, 
one of which, being hollow, served as a steam 


Fig. 3.—Real and Picon’s proposal for a multi-stage 
impulse type Turbine, 1827. 
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Fig. 4.—Tournaire’s proposal for a multi-stage reaction 


type Turbine, 1853. 


pipe from the boiler below, and which supported 
the ball as illustrated. The ball was provided 
with two bent tubes, arranged diametrically 
opposite and in a plane at right angles to the line 
of the pivots. The steam issuing from the tubes 
set up an unbalanced pressure, or reaction, and 
so caused the ball to rotate on its pivots. This, 
the first known turbine, is an excellent example 
of the principle of reaction which, in a modified 
form, is used to-day in many turbines. 

From 120 B.c. there is no further recorded 
information about the development of the steam 
turbine until the year 1629, when Branca intro- 
duced what was probably the first impulse 
turbine, and the first direct application of the 
impulse principle. His apparatus is shown in 
Fig. 2 and consisted simply of a vessel of boiling 
water, with the issuing steam directed as a jet 
on to a wheel containing vanes round the periphery. 
The velocity of the jet impinging on the vanes 
caused the wheel to revolve on exactly the same 
principle as the present-day impulse turbine. 

Naturally in both Hero’s and Branca’s turbines 
the efficiency was exceedingly low, but they are 
of great interest as illustrating the two funda- 
mental principles on which steam turbines 
operate. 
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During the century following the introduction 
of Branca’s turbine, little is known about the 
development of the turbine. It had _ been 
receiving the attention of several investigators, 
however, as the principle of using a number of 
stages to improve the efficiency was referred to 
by James Sadler in 1791, and in 1827 Real and 
Picon built a multi-stage turbine of the impluse 
type. This machine is shown in Fig. 3. It was 
evidently recognised that to obtain a good 
efficiency it was necessary either to run the turbine 
blades at a very high speed with one or few 
stages, or alternatively, to use many stages and 
run the blades at a more moderate speed. 

That the above principle was fully appreciated 
by the middle of the nineteenth century is clear 
from the description of the multi-stage reaction 
turbine which Tournaire evolved in 1853. His 
turbine is shown in Fig. 4 and he made it clear 
that its operation was chiefly dependent on the 
difference in pressure between the inlet and 
outlet of the blades, using the moving blades as 
nozzles for the expanding of the steam on the 
reaction principle. 

From about 1870, various designs of multi- 
stage turbines were put forward, notably Hansen's 
in 1870, of the axial flow reaction type, and 
Cutler’s in 1879, of the radial flow reaction type, 
but there appears to have been no industrial 
application of any of these early turbines. It 
remained for de Laval in 1883 to make the first 
practical application of 
the impulse — turbine, 
after more than five 
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Fig. 5.— Pictorial sketch of the de Laval turbine wheel. 
bines, in that the convergent-divergent nozzle, 
as it is known to-day, enabled the steam to be 
expanded completely in the one stage of nozzles, 
and the use of the flexible shaft enabled a suitably 
high peripheral speed to be obtained with safety. 
In 1893, the de Laval Steam Turbine Company 
was formed to exploit the single-wheel impulse 
turbine, and a pictorial illustration of this type 
of turbine is shown in Fig. 5. This shows clearly 
the two main features of the de Laval turbine, 
the flexible shaft and the convergent-divergent 
nozzles. De realised the 


Laval undoubtedly 


years’ experimental work, 
when he applied the tur- 
bine to the drive of his 
milk separator. 

In the first turbine 
of de Laval, the nozzles 
were of the simplest 
form, but about 1888 de 
Laval evolved his 
panding nozzle, 
flexible turbine wheel 
shaft. This was a very 
great advance on all 
previous impulse tur- 


ex- 
and 


Fig. 6.—The first Parsons turbine (top cover removed) and generator which it drove, 1881. 
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importance of the fundamental law that, in 
order to obtain a high efficiency, the speed of 
the blades should be nearly half that of the steam 
jet from the nozzle, and as that naturally involved 
very high blade speeds of the order of 1,000 to 
1,200 feet per second, his flexible shaft was an 
ingenious solution of a difficult problem. 


Following the commercial introduction of the 
de Laval turbine in 1883, Sir Charles Parsons, 
after many experiments, manufactured in 1884 
his first multi-stage reaction turbine, this turbine 
being the first successful practical application 
of the reaction principle. A photograph of the 
original turbine, with the generator which it 
drove, is shown in Fig. 6. 


The first turbine of Parsons, although a multi- 
stage machine, ran at the very high speed of 
18,000 r.p.m., but in later turbines, the speed 
was reduced by the introduction of more stages 
and greater peripheral speeds, leading gradually 
to the single rotation reaction turbine as known 
to-day. 

It is interesting, to note in passing, however, 
that Sir Charles Parsons realised as early as 1902 
the advantages of the double rotation turbine. 
Robert Wilson, of Glasgow, also had experimented 
with the double rotation turbine, as well as 
Siemens Schuckert on the Continent, but it 
remained for Ljungstrom in 1908 to resuscitate 
the double rotation radial flow turbine and 
produce a machine of this type in practical form. 


While Parsons was developing his reaction 
turbine for use as a prime mover for the drive of 
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electrical generating machines he soon realised 
the great suitability of the turbine for the drive 
of a ship’s propeller, and much development 
work was carried out in this sphere. A _ parti- 
cularly interesting illustration in this connection 
is shown in Fig. 7, which is a view of the 
experimental ship ‘ Turbinia,’ taken at 
Portsmouth at the Diamond Jubilee in 1897. 
This was the first successful application of the 
steam turbine to marine propulsion and at the 
time the results obtained were far in advance of 
anything previously achieved by ships fitted with 
reciprocating engines. 


In the years immediately following the intro- 
duction of the de Laval single-wheel impulse 
turbine, the inherently high speed, which was a 
disadvantage in many cases when it was desired 
to avoid the use of speed reduction gearing, led 
investigators to explore again the possibilities of 
the multi-stage impulse turbine. Professor 
Rateau produced, in 1896, his design of multi- 
stage impulse turbine, and to him must probably 
be accorded the distinction of being the first to 
apply commercially the multi-stage impulse 
turbine incorporating all single impulse stages. 
In the same year, however, Curtis, in America, 
evolved his multi-stage impulse turbine incor- 
porating velocity compounded stages, so that 
from 1896 began the development of the multi- 
stage impulse turbine to its modern form. 


From about 1896 de Laval also was experiment- 
ing with the multi-stage impulse turbine, and 
before the end of the nineteenth century, multi- 


Fig. 7.—The experimental ship “* Turbinia,” at Portsmouth, 1897. 
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stage impulse designs 
were being produced by 
de Laval in Sweden, 
Rateau in France, and 
Curtis in America, while 
the multi-stage reaction 
turbines by Parsons in 
this country were very 
far advanced. Parsons, 
de Laval, and Rateau, 
and Curtis in the early 
stages, all favoured the 
horizontal turbine, but 
within a few years the 
Curtis turbine was being 
developed also as a 
vertical machine. 


By 1900 interest in the steam turbine as a 
prime mover was widespread, and within the next 
few years many concerns had taken up the 
manufacture of turbines, the principal field of 
application being for the drive of electric generators. 
Messrs. Willans & Robinson, Rugby (now incor- 
porated in The English Electric Company) took 
up the manufacture of the reaction turbine in 
1904, and a number of machines of this type were 
constructed by them, but later, for the first stage 
of the turbine, an impulse wheel was adopted. 
Fig. 8 shows the first turbine made by this firm 
and supplied in 1904 to the Linwood Paper 
Mills, Paisley. It was a 1,000 kW. machine 


lol 


Fig. 8.—1,000 kW., 1,500 r.p.m. “* Willans & Robinson” Turbine installed at 


Linwood Mills, Paisley, 1904. 


running at 1,500 r.p.m. and driving a D.C. 
generator direct. 

Within the next few years other firms took up 
the manufacture of both impulse and reaction 
steam turbines,and by 1910 the radial-flow double 
rotation turbine had been developed and put on a 
commercial basis by Ljungstrom in Sweden. 

In America up to 1912 the vertical-shaft 
turbine was extremely popular, and units up 
to 20,000 kW. capacity were manufactured, but 
this appeared to be the limit of the design and 
with the horizontal turbine increasing in 
popularity, larger sizes made after this date were 
all of the horizontal type. 

In Great Britain there 
little demand for large sizes 
prior to 1914, the most common 
ranging from 5,000 kW. to 
10,000 kW., and there was a 
general tendency towards tur- 
bines running at a speed of 
3,000 r.p.m., particularly for 
the smaller outputs. A section 


was 


of a 5,000 kW. machine of this 


Fig. 9.—Early impulse type turbine with or without velocity compounded wheel. 


date is shown in Fig. 9 and a 
large number of this type were 
built by Messrs. Willans & 
Robinson during the War period. 
The design consisted of com- 
paratively few impulse stages 
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Fig. 10.-—Single cylinder 15,625 kW., 3,000 r.p.m. multi-stage impulse turbine supplied to Bolton Corporation in 1923. 


of moderate diameter, with or without a velocity 
compounded wheel in the first stage. 


During the years of the Great War, develop- 
ment of the steam turbine was to a large extent 
at a standstill, but immediately following the 
conclusion of the War, keen competition gave a 
considerable fillip to development and the steady 
rise in individual outputs can be clearly traced 
from 1919-20. 


As the demand for larger machines increased, a 
point was very soon reached where it was difficult 
to obtain the required high efficiencies with single- 
cylinder turbines, because no more stages could 
be accommodated on the single-span rotors 
without encountering troubles from many sources. 
This led to the introduction of multi-cylinder 
turbines for high efficiency units, although for 
medium outputs of the order of 10,000 to 15,000 
kW., the single-cylinder turbine still remained 
popular. Fig. 10 shows a typical single-cylinder 
15,000 kW., 3,000 r.p.m. “ English Electric ”’ 
multi-stage impusle turbine supplied to Bolton 
Corporation Electricity Department in 1923. 
This turbine at the time was one of the largest 


single-cylinder 3,000 r.p.m. turbines manufactured 
for installation in this country. 

At the same time, many multi- 
cylinder turbines were being supplied in this 
country for outputs from as low as 10,000 kW. 
upwards, and Fig. 11 shows a section of a 20,000 
kW., 3,000 r.p.m. two-cylinder turbine supplied 
by the Company to Bradford Corporation in 
1925. This turbine, the forerunner of its type, 
is of particular interest as being the first two- 
cylinder impulse-reaction turbine built in this 
country, the high-pressure cylinder being of the 
impulse type throughout, while the low-pressure 
cylinder is of the outwards double-flow reaction 
type. 

This design, retaining the same _ rotational 
speed of 3,000 r.p.m., has been extended up to 
sizes of 40,000 to 50,000 kW., and a sectional 
arrangement of the ‘* English Electric” 30,000 
kW., 3,000 r.p.m. turbine supplied in 1929 to 
West Ham Corporation is shown in Fig. 12. This 
illustrates the main features of the impulse high- 
pressure cylinder and the reaction low-pressure 
cylinder, the latter being of the inwards double- 
flow type with twin L.P. rotors, to obtain a unit 


however, 


162 


1! 
it 
| 
. 
H x i 


Bradford Corpo 


having a critical speed well above the running 
speed, 

Two 40,000 kW., 3,000 r.p.m., turbines of similar 
design to that shown in Fig. 12, have been supplied 
this year by The English Electric Company for 
the Ferrybridge Power Station of the Yorkshire 
Electric Power Company and the curve in Fig. 13 
will be of interest in illustrating the progress 
made by this Company since 1904 in the outputs 
of steam turbines designed to run at 3,000 r.p.m. 


Fig. 11.—Sectional arrangement of a 20,000 kW., 3,000 r.p.m. two-cylinder “ English Electric” turbine supplied to 


ration in 1925. 


The intensive competition following the Great 
War was responsible for much experimental and 
research work in the realm of higher steam 
pressures and temperatures with a view to 
reducing fuel costs. Opinions naturally vary 
widely as to when it is an economic proposition 
to use high steam pressures and temperatures, 
but in principle the higher the steam pressure 
the greater is the minimum size of turbine which 
can be justified. 


Fig. 12.—-Sectional arrangement of an ‘* English Electric 


* 30,000 kW... 3,000 r.p.m, turbine supplied to West Ham 


Corporation in 1929. 
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IN OUTPUT AT 3,000 R.PM. 
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Fig. 13.—Curve showing increase in outputs (1905-1939) of 
“ English Electric” turbines operating at 3,000 r.p.m. 


The latter — statement 
refers to units in which the 
steam is expanded right 
down to vacuum, but there 
are many special cases 
where high pressures and 
temperatures are justified 
with quite small machines, 
such as back-pressure tur- 
bines expanding steam at a 
high pressure into an exist- 
ing lower pressure steam 
system for further use in low 
pressure turbines. This 
system, termed ‘ super- 
posing,” has been much 
applied for improving the 
thermal efficiency of low 
pressure stations, and in 
this country the system, 
with a steam pressure in 
excess of 1,000 Ibs./sq. in., 


1930 
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was first applied at the Valley Road Power 
Station of Bradford Corporation in 1929. 
The superposed unit was supplied 
by The English Electric Company, and 
a section through the turbine, designed 
to run at 6,000 r.p.m. driving the 
alternator through gearing, is shown in 
Fig. 14. The turbine is of the pure 
impulse type with the discs forged solid 
with the shaft, an arrangement now 
general for small high-speed impulse 
machines. The same arrangement is now 
general also for the impulse rotors in the 
H.P. cylinders of combined impulse- 
reaction two-cylinder machines of medium 
and large outputs at 3,000 r.p.m. 
“turbine has been 
very successful in the application of 
higher steam pressures and temperatures 
to existing normal plant, and in America 
where superposing has been widely 


The ‘superposed 


isso adopted, there are many such turbines 
with outputs of 50,000 to 60,000 kW. in 
one unit. 


| 


Fig. 14,—Sectional arrangement of a back-pressure turbine for high initial 
pressure and temperature, operating at 6.000 r.p.m. 
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For condensing turbines, pressures of 1,200 
to 1,500 Ibs. /sq. in. are quite common in America 
and on the Continent, but in this country there 
are only a comparatively few plants operating 
with steam pressures much over 650 Ibs. /sq. in. 
Additional plants, however, are in course of 
manufacture in this country for pressures up to 
1,900 Ibs. /sq. in., and the higher ranges of steam 
pressure will undoubtedly become more common 
in the future. 

With pressures of the order of 1,200 to 1,500 
Ibs. /sq. in., the limitation of the total temperature 
to 900 to 950 deg. F., a point to which further 
reference is made later, results in the steam at 
the exhaust end possessing a considerable degree 
This comparatively high moisture 
content in the low pressure stages would have led 


of moisture. 


in the past to appreciable wear of the blading 
in these stages, but the problem has been solved 
by the employment of special drainage arrange- 
ments and the fitting of hardened steel shields 
on the inlet edges of the last few rows of blading. 
The subject has recently been dealt with in detail 
in this Journal,” and typical photographs shown 
of blades after several years’ service without 
shielding and after a similar period with shielding 
fitted. 

The other problem associated with increased 
steam pressure which arises from the need to 
limit the wetness at the exhaust to reasonable 
proportions on the score of efficiency, is that of 
high total temperatures. Such 
however, have now been made possible by the 


temperatures, 


employment of steels containing a small percent- 
age of molybdenum. From Fig. 15, it will be 
seen that as compared with a plain carbon steel, 
very much better creep properties are obtainable, 
with in consequence, a greater factor of safety. 
Even so, it will be noticed that the maximum 
permissible steam temperature to-day is limited 
to about 950 to 960 deg. F. 

Steam pressures of the order of 1,900 Ibs./ 
sq. in., even with the temperature taken as high 
as possible, would result in excessive moisture 

* See L. C. Hookins, ** Wetness in Steam Turbines,” The 


English Electric Journal, July, 1938 (Vol. IX, No. 2), and 
March, 1939 (Vol. 1X, No. 5). 
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Fig. 15. 


in the low-pressure stages, and with such pressures 
it is usual to employ reheating of the steam at an 
iven with a 
pressure of 1,200 to 1,500 Ibs. /sq. in. reheating is 
sometimes employed, but there is not the same 
necessity as with pressures as high as 1,900 Ibs./ 


intermediate stage of the turbine. 


sq. in. or over. 

From the foregoing brief survey of steam 
turbines past and present, some conception may 
be obtained of the great advances that have been 
made in output, speed, and efficiency during the 
last thirty years or more, and these improvements 
can be attributed in the main to the employment 
of a greater number of stages and higher peri- 
pheral speeds at the exhaust end, coupled with 
better materials, workmanship, and closer atten- 
tion to detail. 

Acknowledgments are made for permission for 
the reproduction of descriptive material and 
illustrations relating to the early types of steam 
turbines. 
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In the early days of the development of the 
watthourmeter it became apparent that the lower 
bearing of the meter presented new problems, 
upon the satisfactory solution of which the 
of the instrument would ultimately 


depend, and it was natural that meter inventors 


success 


turned to the experience of designers and manu- 
facturers of watches and clocks, who were pioneers 
in the use of precious stones as bearings. 

The early meter designers must have obtained 
a great deal of assistance from a study of the then 
current horological practice, but it 
realised that the conditions obtaining in the 


Was 


meter bearing were in many respects considerably 
more onerous than those met with in time pieces, 
particularly with regard to the weights of the 
parts to be supported whilst in rotation. The 
development of the alternating current meter 
added still further to bearing problems as the 
Pi. bearing was required to withstand the alternating 


current vibration inseparable from this type of 
meter. 
O. B. Shallenberger, Chief Engineer of the 


Westinghouse Company in America, invented the 
original Shallenberger A.C. meter, which appeared 
on the market in its fully developed form in 1888 
and marked a very definite step forward in the 
design of the alternating current meter, in that 
it provided a metering system commercially 
In common with the meters of the 
it employed a pivot and jewel at the 
lower end of a vertical rotor shaft. It is signifi- 
cant that the fundamental form of vertical shaft 
seen that the 
forms of bearings employed at the lower end 
ultimately became divided into two fairly distinct 
groups—the ball bearing and the pivot bearing. 
In 1902 the Westinghouse Company of America 
introduced the bearing popularly known as the 
‘ Ball Bearing ”’ ; 
from any of the contemporary designs. 


applicable. 
period, 


has remained, although it will be 


this was a radical departure 
It con- 
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Watthourmeter Bearings. 


By G. TILSTONE, A.M.I.E.E., Chief Engineer Meter Department. 


sisted of a highly-polished steel ball placed between 
two cup sapphires, the upper sapphire rotating with 
the shaft and the lower one being held stationary 
in the lower bearing screw. This bearing has 
proved its superiority by its ability to stand up 
to extraordinary rough treatment and to give 
many years of trouble-free service. 

The first meter incorporating this bearing was 
the “ Westinghouse Round Type Wattmeter, 
which will be remembered by many meter 
engineers in this country, as having been in 
advance of most designs then available. 


It is one of the outstanding facts in the history 


Jewel. 


Rotating Upper 


Rolling Ball. 


Fixed Lower Jewel. 


Rotating Pivot. 
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(b) 


Components of Ball Bearing and Pivot Bearing. 


Fixed Jewel, 
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of meter development that the ‘* Westinghouse 
Type Ball Bearing ’’ has remained substantially 
unchanged for thirty-seven years and is still the 
only type of bearing employed by that Company. 

During this period the number of different 
types of pivot bearings which have been produced, 
modified and superseded by new designs has been 
legion, but there is no evidence that any has 
exceeded the ball bearing in the length of trouble- 
free service obtainable. 


The ball bearing is the standard bearing of the 
* English Electric ” range of meters, although an 
approved pivot bearing meter is available where 
a preference is expressed for it. 


It will be of interest to review briefly the funda- 
mental duty of the lower bearing. 


The bearing is required to support the rotor 
with as low an initial friction as possible and to 
continue to function satisfactorily with as small 
an increase in friction as possible over a period 
of many years without attention having to be 
given to it. The latter condition emphasises the 
vital necessity for freedom from disintegration of 
any of the bearing components under the high 
stresses imposed. It is generally accepted on the 
basis of calculation that the intensity of pressure 
in the average pivot meter is 50 tons per square 
inch, while in the ball bearing the intensity of 
pressure will be approximately half this amount. 


The early designers were faced with a very 
formidable problem in bearings to 
support the very heavy rotors then found 
necessary, and a variety of new bearings appeared 
as a result of the work of inventors in Great 
Britain, the U.S.A., and in Europe. 


devising 


Figs. la and 1b show to scale the essential 
parts of the ball bearing and those of the pivot 
bearing, whilst Figs. 2 and 3 show the corre- 
sponding assemblies. Figs. la and 1b will serve 
to illustrate several features of special interest. 
It will be noticed that the diameter of the ball is 
considerably greater than that of the pivot, the 
actual dimension being: Radius of ball, 
.03125 in., and radius of pivot .02 in. 


The jewel in the pivot bearing is identical with 
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one of those in the ball bearing, both having a 
radius of curvature of .0465 in. 

It will be appreciated that although the areas 
of contact between the ball and its jewels are 
theoretically point contacts, the intensity of 
pressure applied either by normal running or in 
transit is considerably less than in the case in the 
pivot bearing, hence the risk of a damaged jewel 
from all causes is very much reduced, while the 
ball itself is almost indestructible. 


| 
Fig. 2.—-Assembly of 


Meter Shaft for Ball 
Bearing. 


Fig. 3.— Assembly of Meter 
Shaft for Pivot Bearing. 
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In the case of the ball bearing there is no 
necessity to have the jewels spring-supported as 
is the case with many pivot-type meters, and the 
ball possesses a further advantage of being able 
to operate satisfactorily over a period of years 
without requiring lubrication. In the case of the 
pivot bearing, maximum and minimum per- 
missible radii of the pivot are determined by a 
number of conflicting factors. The larger the 
diameter of the pivot the greater will be the 
friction ; the smaller the diameter of the pivot 
the smaller will be the friction ; but the stresses 
at the surface of the jewel will be increased with 
attendant possibilities of damage in transit, 
which will show as a rupture of the jewel face. 
The most minute damage to the jewel at the 
point of bearing contact will lead ultimately to 
the complete failure of the bearing. 

From the safety aspect the average diameter 
of .040 in. is about the lowest permissible with 
a rotor of normal weight. 
this figure increases the risk of premature failure 
to a most dangerous extent, although the very 
precise running obtainable with a new sharp pivot 
at very low loads might appear to offer an induce- 
ment in this direction, but it must be remembered 
that the life of a pivot of small radius can only 
be very limited. 


Any reduction below 


The ball bearing, with its ample bearing area 
and lower stresses, provides a very good com- 
promise of all the requirements, and it excels 
particularly in the long life which it gives both 
under normal conditions and conditions rendered 
adverse by excessive overloads and the inter- 
mittent peak loads which are occasioned by the 
switching-on of certain domestic appliances, 
especially thermostatically controlled apparatus 
such as water heaters. 


Reference to Fig. la and 1b will assist in clari- 
fying several points regarding the ball bearings 
which are not as generally understood as they 
might be. The first is, that while the radius of the 
ball is .03125 in., the radius of the jewel cups in 
which it operates is .0465 in. The ball is therefore 
free to rotate and roll round in a small orbit at 
the centre of the jewe) up. The points of contact 
between the ball and the jewels are thus con- 
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stantly changing, giving the effect of an infinite 
number of pivot points coming into action con- 
secutively. 

Secondly, since the movement of the ball is 
largely a rolling movement and the load is not 
permanently concentrated at one particular point, 
the effective areas of ball and jewel surfaces 
available for duty are considerably larger than 
exist in the pivot bearing. It must be conceded 
that in the case of the pivot bearing the actual 
area of jewel which is available for carrying the 
load is but a few thousandths of an inch in 
diameter approximately at the centre of the 
jewel. 

The choice between ball bearing and_ pivot 
bearing will be decided by a number of con- 
siderations. If it is desired to extend the period 
between successive tests during service to the 
maximum time permitted by other circumstances, 
notwithstanding the fact that the meter may have 
periods of sustained unscheduled overload, then 
the ball bearing deserves the most careful con- 
sideration. The total costs now incurred in 
changing meters on premises will be an important 
consideration. 

The pivot bearing will probably 
where the period between tests is on a shorter 
time schedule and where it is felt that the risks 
of damage during transit between the test room 
and the consumers’ premises are remote. The 
cost of bearing replacements will be in favour of 
the ball bearing as it is a very rare occurrence for 
any damage to be sustained either by the ball or 
jewels. 

There is therefore no expected loss in revenue 
which might result from a meter running in service 
for several years with a damaged bearing. 


be called for 
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The costs of replacements of jewels 
and pivots in the pivot type will, of 
course, be higher, and these costs form 
a factor which cannot readily be esti- 
mated in advance, neither can the loss 
in revenue resulting from the continued 
use of a damaged bearing. 

The manufacture of the components of 
the ball bearing is not without interest. 
The first cost is higher on account of the 
use of two jewels per bearing, but as far as 
the meter engineer is concerned he need not 
anticipate any cost on bearing renewals or 
repairs during the life of the meter. 

There is no doubt that a_ badly 
made ball bearing for any piece of 
mechanism may be no better than a 
plain bearing correctly produced ;_ in 
fact, it may quite conceivably be worse. 
The same principle applies to the manu- 
facture of the ball bearing for meters. 

It is appreciated certain meter engineers 
have hesitated to adopt the ball-bearing type 
meter owing to disappointing experiences with 
earlier types produced in this Country. The 
successful manufacture of the ball bearings 
calls for special technique and experience, and 
it is noteworthy that the Company has had in 
use for several years the finest possible plant 
specifically designed and operated for the sole 
purpose of producing the double-jewel bearing. 
The microscope jigs and fixtures employed in the 
inspection of the component parts are also special 
developments to ensure the perfection of every 
part before assembly. 

Given first-class components, correct manu- 
facture and careful testing before assembly, the 
bearing has an indefinitely long life. All materials 
and components employed in the bearing are of 
the finest quality obtainable. Each of the two 
jewels is of the highest quality synthetic sapphire, 
which is purchased to a very stringent specifica- 
tion as regards dimensions, finish and material. 

At a later date it is proposed to give some 
interesting information about the manufacture of 
meter jewels, but for the present only Fig. 4 is 
reproduced, which illustrates the dimensioned 
drawing of the jewel to indicate the small toler- 


' Fig §5.—Microscope with Jewel Inspection Attachment. 


ances permissible on dimensions for jewels sup- 
plied to the Company. These are specified in 
order to ensure absolute interchangeability of all 
bearings and an identical performance from each. 

The jewels are carefully gauged for compliance 
with the dimensional requirements and inspected 
under binocular microscopes at a magnification 
of 60 diameters for perfection of finish. Special 
microscope attachments are used for rotating and 
rocking the jewels under the objective lenses so 
that every portion of the bearing surface can be 
very closely scrutinised. Fig. 5 shows the 
apparatus used for this purpose. 

Research within recent years has shown that 
the life of a jewel under given conditions is 
related to the angle between the axis of the shaft 
and the optic axis of the jewel. An angle of 
90 deg. between the two gives the longest jewel life. 

All the jewels are therefore purchased with a 
guaranteed optic angle of 80/90 deg., and a 
specially built polarised microscope is available 
in the Company’s Stafford Meter Factory by means 
of which this feature can be checked readily and 
accurately. The jewel is examined in polarised 
light and the form and colours of the image 
observed are compared with a standard coloured 
chart representing the true image of jewels of 
known optic angle. Fig. 6 is a reproduction of a 
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Fig. 6. 


photograph of the chart showing the form of the 
dark interference lines for jewels of various known 
optic angles. The dark lines are surrounded by 
spectrum colours not visible in the reproduction. 

The steel balls are purchased to a very stringent 
specification covering material, finish and _ size. 
The usual guarantee on dimensions is one-tenth 
of one-thousandth of an inch, but the Company’s 
experience shows that the majority of the balls 
do not differ from the nominal dimension by more 
than one-half of the permissible tolerance. 


All the steel balls are individually inspected 
with very great care to eliminate those which do 
not come up to the high standard of excellence 
demanded. To carry out this operation with the 
required thoroughness another special micro- 
scope attachment is used, by means of which the 


-Form of Image produced in polarised light. 


The English Electric Co. Lid, Optic Axis The English Electric Co. Led, Optic Axis The English Electrie Co. Lrd., 
Meter Dept., Stafford, - 6° Meter Dept., Seaford, 90° Meter Dept. Stafford. 
METER JEWELS. 


Various optic angles from 0° to 90°, 


ball is rolled over steadily in such a way that 
every portion of its surface is brought into sharp 
focus under the wide-field objective lenses. 
Fig. 7 shows the apparatus for use in the examina- 
tion of the 7 in. standard steel ball. 


Fig. 7.—Microscope attachment for the examination of 
Steel Balls. 
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The Company for many years has been carrying 
out representative tests on a range of types of 
meter bearings and micro photographs are taken 
periodically to record the state of the component 
parts. A typical set of micro photographs are 
reproduced in Fig. 8. 

Fig. 8(a). Synthetic sapphire meter jewel before 
use, 

Fig. 8(b). Natural sapphire jewel from a ball 
bearing meter rotor which has completed 284 
millions of revolutions. 

Fig. 8(c). Synthetic sapphire jewel from ball 
bearing meter rotor after 207 millions of revo- 
lutions. 

Fig. 8(d). Jewel from pivot meter damaged by 
excessive shock. 

Fig. 8(e). Jewel from pivot meter. Completely 
shattered by excessive shock. 


(a) 
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Fig. 8(f). Jewel from pivot meter showing signs 
of wear. 

The photographs reproduced are approximately 
ten times actual size, but it should be understood 
that this comparatively low magnification is used 
only to obtain some indication of the general 
soundness of the jewel across its entire area. 
An enlargement to give a picture sixty or one 
hundred times normal size can readily be obtained 
in order to record any doubtful region in greater 
detail. For examination at magnifications of four 
hundred, a metallurgical micro camera is used 
either visually or to produce plates, but naturally 
the actual jewel area covered by such a photo- 
graph is quite small. 

Figs. 8(b) and 8(c) show both the natural jewel 
and the synthetic jewel to be unimpaired after 
284 millions and 207 millions of revolutions 
respectively. 


(c) 


(d) 
Fig. 8- 


(e) 


Enlarged photographic reproductions of Meter Jewels. 


(f) 
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Until recent years the natural jewel was the 
only one used in meter bearings, but the synthetic 
sapphire is now in general use. Probably one of 
the most important advantages of the synthetic 
jewel is that the position of the optic axis with 
respect to the line of the meter shaft can be com- 
paratively easily controlled in manufacture, as 
several hundred meter jewels are produced from 
a single ** boule ” or parent crystal of known optic 
axis. The natural jewel is produced from a com- 
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paratively small natural stone often rather 
irregular in shape, and the optic axis of the 
finished bearing jewel could not be guaranteed 
commercially. 

It is hoped that this article will assist meter 
engineers in making a choice between ball bearing 
and pivot bearing type meters and will have 
explained a few of the problems associated with 
the most highly stressed bearing known to engi- 
neering—the watthourmeter lower bearing. 


Methods and Economics of Power Factor 
improvement. 


In alternating current engineering the ratio of 
the actual power, as measured by wattmeter, to 
the apparent power, as measured by voltmeter 
and ammeter, is known as the Power Factor. 
This may be expressed :— 

Actual power Kilowatts 

Apparent power Kilovoltamperes 

= Power factor. 

The apparent power can never be less than the 
actual power, and is usually more. If the two are 

kW. 

kVA. 
that the power factor is unity. This can only 
apply when the load contains pure resistance 
without any reactance whatever. In all alter- 
nating current apparatus, or machinery, where a 
magnetic field has to be created, i.e., in motors, 
transformers, and all coil-wound apparatus, 
reactance is introduced. To a smaller extent even 
the simplest circuits or straight conductors set 
up a magnetic field, and this also constitutes 
reactance. In long overhead distribution systems 
such reactance may be appreciable. 

The relationship between the apparent power 
and actual power is usually expressed in the form 
of vector diagrams. The cosine of the angle of 
displacement between the two power measure- 


equal the ratio = 1.0, and we say then 


ments is the power factor, i.e., in Fig. la, Cos @ = 
kW. 
kVA, 

This relationship is sometimes likened to a 
truck on rails, or barge on a canal, where the 


= Power Factor. 
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Fig. I(a).—Vector diagram illustrating relationship 
between apparent and actual Power, whilst Fig. 1(b) 
illustrates a mechanical analogy. 
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Unity. as the special transformers involved in- 
| corporate considerable reactance. 
POLE. ESR PM. Fig. 2 gives some typical curves of 
80 power factor for induction motors of 
-70 A == “2 Pov. 485RPm. various speeds. It will at once be noticed 
; “ Fé GZ that slow-speed motors have a lower power 
; factor than the equivalent motors of 
higher speed, and also that the power 
é h factor becomes rapidly worse at reduced 
loads. 
"30 Low power factor means higher current, 
20 and all cables, transformers, switchgear 
and any current carrying apparatus must 
0 be made larger and more expensive in 
consequence. A power station designed 
a 2 1% 18 for a mean power factor of 0.85 would 


Fig. 2.—Typical Power Factor Curves of 20 H.P. 50-cycle 


Slipring Induction Motor. 


pull is not directly in the line of motion. According 
to the usual force diagrams of mechanics, this 
‘* out of line ’’ pull may be split up into two com- 
ponents ; one in the line of motion being the 
useful effort, and another at right angles to the 
line of motion which is the side pull, or idle pull, 
because it does nothing whatever towards the 
motion of the vehicle. In the foregoing mecha- 
nical analogy, illustrated in Fig. lb, the side pull 
is wasted energy, whereas in the electrical equiva- 
lent the sideways component represents true 
energy which at one time is taken from the supply 
to build up the magnetic field, but during the next 
quarter cycle is returned into the system from the 
decay of the magnetic field. The sum total of 
energy in this right angle, or quadrature, com- 
ponent is therefore zero, and is often termed 
* wattless.”’ In this article we will call it kilo- 
voltamperes reactive, or kKVAR. and kVA. = 
v kW.2 + kVAR?. 


In most industrial applications low power 
factor is mainly caused by induction motors, but 
of recent years the spread of A.C. electric are 
welding and certain applications of electric fur- 
naces has tended towards low power factor, since 
the stability of many such applications depends 
upon the. deliberate introduction of reactance. 
Discharge lighting is another contributory cause, 


only give 80 per cent. of its output at 
0.70 power factor. As the capital cost 
of generation and distribution forms a 
large proportion of the cost of electric power, 
these economic disadvantages of low power factor 
are of great importance. In addition to this, there 
is the serious effect of poorer voltage regulation 
at lower power factor. Fig. 3 shows the voltage 
reduction full load current at different 
power factors for a system having a combined 
reactance of 12 per cent. for transformers and 
feeders. 


on 


MetuHops or Power Factor IMPROVEMENT. 

(a) Re-arrangement of Motors.—Before con- 
sidering the purchase of power factor correcting 
apparatus it is always advisable to investigate the 
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Fig. 3.—Curve showing the effect of Load Power Factor 
on received voltage for a Combined Transformer and 
Distribution Resistance 2% ; Reactance 12% ; Declared 
voltage 400. 
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loading and power factor of any existing motors 
during the maximum sustained load, taking into 
account any peak loads which the motors may 
have to withstand. Fig. 2 gives some indication 
of the improvement which may be attained by 
replacing overpowered motors with others which 
will be loaded more according to their scheduled 
rating, or where the drive permits of replacing 
low-speed motors with those of higher speed. 
Occasionally, where group drives are installed, 
the diversity factor in the peak loads of various 
machines may be taken advantage of, and a 
smaller motor used. It is frequently possible to 
interchange some of the motors or regroup some 
of the drives so as to effect an appreciable im- 
provement in the overall power factor. 

(b) Static Condensers.—Static condensers of the 
paper and foil type, usually oil immersed, and 
built up in units to suit the desired voltage and 
current, are widely used to improve the power 
factor of existing installations. Such banks of 
condensers may be placed in the works substation 
or may be distributed about the works close to 
the motors with which they are associated, which- 
ever is found more convenient and economical. 
If placed in the substation they will correct the 
power factor on the incoming supply, but not 
on the works distribution system. In addition, 


it will probably be necessary to incorporate some 
adjust 


switching arrangement so as to the 
capacity ofthe condensers 
to the particular load, 
otherwise a leading power 
factor may be introduced 
and unwanted voltage 
rise may result. If the 
condensers are placed at 
the motor load they can 
be switched with the 
motor and the distribu- 
tion cables will be relieved 
of current, but the in- 
stallation will probably 
be more costly. 

(c) Capacitor Motors.— 
The Company’s three- 
phase capacitor motor 
consists of the usual form 
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of squirrel cage or slipring induction motor, but 
has a condenser permanently connected across the 
stator phases with special control gear to give the 
correct starting sequence. 

It is necessary to have the condensers manu- 
factured to a suitable specification for such 
motors, as the design of the condenser must take 
into account the possibility of the motor, when 
disconnected from the supply, behaving as a self- 
excited induction generator and building up an 
undesirable voltage. 

A very useful characteristic of these capacitor 
motors is that when designed for a combined 
power factor of about 0.98 lagging at full load, 
the power factor is almost constant down to quite 
low loads. Fig. 4 shows a slipring capacitor 
motor class AGS with its associated condenser. 

(d) Synchronous Motors and Synchronous Con- 
densers.—Salient pole synchronous motors may 
be used where the starting torque is small, say, 
not exceeding 25 per cent. of full-load torque. 
Damping windings are provided in the pole faces 
to provide starting torque and the motors are 
usually started on reduced voltage by means of 
an auto-transformer so as to limit the current 
taken from the line to about twice full-load 
current. Such motors are suitable for a con- 
tinuously running load which starts up light, as, 
for instance, the driving of motor generator sets, 
large ventilating fans which do not have too 


Fig. 4.—* English Electric”’ 125 H.P. 325 R.P.M. Class AGS, Slipring Capacitor 


Motor with Condenser. 
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Fig. 5.—Two “ English Electric” 270 H.P. Synchronous Induction Motors Class LTS. 
driving Air Compressors in a Glass Works. 


heavy an impeller, some compressors which may 
be started with an unloading valve, and drives 
where the load may be taken up by means of a 
clutch. Salient pole synchronous motors are very 
efficient and may be run quite economically at 
leading power factors so as to form a correcting 
loads. 


unit for other lagging power factor 
Although it is usually more economical 


(e) Synchronous Induction Motors.—Where the 
starting load is too great for the salient pole 
type of synchronous motor, one of the alternative 
forms which start as induction motors may be 
employed. Starting methods and characteristics 
are similar to those of slipring induction motors, 
but when up to speed the D.C. excitation pulls 


to combine power factor correction with 


a driven load, it is sometimes advan- 


tageous to instal synchronous running 


machines to run idly merely 


supply leading wattless current for power 


factor correction. It will be seen that 


under such circumstances they are the 
equivalent of the static condensers pre- =< 


viously mentioned, and when run idle in 
this manner they are known as_ syn- 


+E 


chronous condensers. The choice is 
mainly economic and depends on the 


cost per kKVAR available for correction. 


Fig. 6.—Diagram of connections for Synchronous Induction 


Motor—Class LTS. 


q | ‘ 
.. 


Fig. English Electric”? Class AGAS. Synchronous 
Induction Motor. 


the rotor into step as a synchronous motor. 
Various arrangements are made according to 
h.p. of motor and service requirements, as follows: 


(i) The class LTS. motor has the exciter per- 
manently connected in the rotor circuit 
and automatically pulls into step without 
any special changeover or synchronising 

This is suitable for small and 

medium size motors. Fig. 5 shows one of 

these motors driving an air compressor, 
and Fig. 6 gives the diagram of conaec- 
tions. Fig. 7 shows a smaller unit class 

AGAS. machine with a flange mounted 

overhung exciter. 


switches. 


(ii) For large outputs it is often desirable to 
use the class LAS. machine to obtain more 
suitable exciter characteristics. Fig. 8 
illustrates one example, and Fig. 9 shows 
the diagram of connections. 


A further development, mainly for the 
purpose of improved efficiency, is the 
wound rotor salient-pole GLS. 
machine, which combines the high starting 
torque characteristics of the slipring motor 
with the other features of the salient pole 


synchronous motor. 


(f) Commutator Motors.—Practically all A.C. 
commutator motors can be designed to operate 
at very high power factors and thus improve the 
overall power factor on an installation, whilst 
many can be economically designed to work at a 
leading power factor, which enhances their value 


(iii) 


class 
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as corrective devices. They give high starting 
torque with reasonable current from the line, and 
certain types are suitable for variable speed 
drives. The English Electric Kosfi motor 
is a typical example of the compensated induction 
motor and is illustrated in Fig. 10, whilst Fig. 11 
shows the diagram of connections and current 
locus diagram. In this motor the supply is led 
to sliprings on the rotor and the starting resist- 
ance is in series with the secondary winding which 
is wound on the stator. In the same rotor slots 
as the primary winding is a special winding con- 
nected to the commutator. A voltage is produced 
by transformer action in this special winding and 
the frequency is converted by commutation, so 
that it can be fed into the secondary winding to 
provide the necessary kVAR. for magnetising. 

(g) Phase Advancers.—Phase advancersare A.C. 
commutator machines for providing magnetising 
current without doing any mechanical work. 
They may be said to bear the same. relation to 
A.C. commutator motors that synchronous con- 
densers bear to synchronous motors. There is 
this great difference, however, that the actual 


Fig. 8.—* English Electric”? Class LAS, vertical-spindle 
type Synchronous Induction Motor 1320 H.P., 250 R.P.M. 
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generate their own power. It is 
significant that for continuous 


process plants, i.e., 24 hours per 


Fig. 9.—Diagram of connections for Class LAS. 


kVAR. output from the phase advancer_ is 


effective in producing times this amount of 
slip, 

correction in the stator, This results in small 
output, highly efficient means of power factor 
correction and consequently small per 
effective kVAR. Phase advancers are connected 
in the rotor circuit of slipring induction motors and 
may be driven by the main motor or at any con- 
venient speed by a small motor 
just large enough to supply the 
power represented by the phase 
advancer losses. Fig. 12 shows 
“English Electric ” 
advancer with its driving motor, 
which has been supplied for use 
with a 400 h.p. motor at a brick 
works, 


cost 


an phase 


Economics oF Power Factor 
IMPROVEMENT, 

It has been shown earlier in 
this article that low power factor 
increases the size of all current- 
carrying parts which are subjected 
to such conditions, and may 
actually limit power station out- 
put. These considerations are 


the main items for those who pig, 10, 


* English 


De Dr Ee & day, it is found most economical 
INDUCTION install plant which works at 
smeree about unity overall power factor. 
oan H The additional capital cost of 
(ELD 

corrective plant is more than 
counterbalanced by the smaller 

RUN 
Boreré capital cost of generating plant 
=a aia and distribution sy ate m, toge ther 
- ls with reduced losses in operation. 

StagT 

rT On the other hand, and from 
another aspect, there was an 
2 | seer instance of a colliery with a fully 
loaded 3,000 kVA. turbo-alterna- 


tor which added a 700 h.p. air 


Machine. . 
compressor driven by syn- 
chronous induction motor run- 
ning at 0.85 leading power factor without 


increasing the power plant capacity. 

Where consumers buy power from an outside 
source on a flat rate per unit with or without a 
maximum kW. demand charge, it does not usually 
pay to install power factor correcting motors or 
apparatus unless there is also a penalty or rebate 
on power factor. An increasing number of supply 


authorities, however, are finding it necessary to 


Electric” 300 H.P. Motor in a Brick Works. 
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Fig. 11.—Diagram, of connections and current locus Diagram 
for a * Kosfi” Motor. 


make such charges or offer rebates owing to 
the power factor conditions obtaining on their 
systems. It is an easy matter 
to compare the capitalised value 
of the possible saving in power 
bills with the cost of corrective 
methods, 


Those consumers who purchase 
power at a definite rate per unit 
plus a maximum demand charge 
based on kVA, are automatically 
penalised for low power factor, 
and there is an economic maxi- 
mum up to which it will pay for 
improvements to be made. It can 
be shown by practical examples 
and by mathematical analysis 
that for a wide range of conditions 
this maximum, beyond which it 
does not pay to improve the 
power factor, is about 0.98. 
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Omitting the mathematical treatment, 
let us examine a few typical cases. 


Example 1,—Let us assume a works 
which takes a load of 500 kW. at 0.80 
power factor, i.e., 625 kVA. There is a 
fixed charge per unit plus an annual 
charge £5 10s. Od. per kVA. maximum 
demand. Also, it is assumed that the 
cost of power factor corrective apparatus 
will be £3 10s. Od. per kVAR. and charge 


interest -+ depreciation at 12} per cent. 
Correction will be to 0.98 power factor. 


Existing load has reactive 
component of... 375 kVAR. 


Corrected load has reactive 


component of... 102 
Apparatus connected must 

Cost of power factor 

correcting apparatus 

273 = £3 10s. Od. = £955 


Maximum demand reduced from 625 kVA. to 
510 kVA. 


Fig. 12.—* English Electric’? Phase Advancer and Driving Motor. 
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Annual charge on 625 kVA. at 
£5 10s. Od. 
Annual charge on 510 kVA. at 
£5 10s. Od. 


£3,440 


£2,800 


Difference in power bill ... sas £640 
Less 12} per cent. on capital ex- 

penditure of £960 £120 

Net annual saving = £520 

To correct to 0.96 power factor would have 


required a capital expenditure of £800, but the 
net annual saving would only be £470. On the 
other hand, to correct to wnity would have 
required a capital expenditure of £1,310, and the 
net annual saving would be reduced to £514. 
Example 2.—In this instance let us assume a 
load of 1,200 kW. at 0.76 power factor = 1,580 
kVA. with a reactive component of 1,030 kVAR. 
Also let us assume a maximum demand charge 
of £4 5s. Od. per annum, and that the largest unit 
of power is a 600 h.p. compressor motor taking 
480 kW. at 0.80 power factor. This motor is a 
very suitable application for a synchronous indue- 
tion type motor, so let us consider replacing the 
existing induction motor with one of the syn- 
chronous types working at 0.85 leading power 
factor. By this means the 360 kVAR. of the 
existing motor will be eliminated and a further 
300 kV AR. supplied for correction, making a 
difference of 660 kVAR. The new conditions 
will, therefore, take 1,030 — 660 = 370 
kVAR., and the combined power factor 
will be improved to 0.957 with a kVA. 
maximum demand of 1,250 instead of 1,580. 


Maximum demand charge 
reduced 330 x £4 5s. Od. ... £1,400 Fe 
Interest and depreciation on r=) 
£1,600 capital cost of new 0 
motor, at 12} percent. ...0 = £200 
Net annual saving ... £1,200 


It should be noted that this shows a very 
favourable result even when debited with the 
whole cost of the new motor with no allowance 


(a) 
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for the old one. The difference in cost between 
an induction motor and a synchronous induction 
motor of this size is less than £400, and as this 
makes a difference of 660 kKVAR. the cost per 


kVAR. is under 12s., which is very favourable. 


CALCULATION OF SIZE OF CORRECTIVE DEVICES. 


The two examples worked out in the previous 
section, to show the financial saving, are depicted 
vectorially in Fig. 13 (a) and (b) respectively. 
It is at once apparent that loads at different 
power factors cannot be added in a simple arith- 
metical manner. The components kW.andkVAR. 
can each be added arithmetically and then 
recombined to find the new kVA. Vector dia- 
grams merely do this in unit dimensions, and if 
drawn with care to a reasonably large scale, are 
sufficiently accurate for most practical purposes. 
Quantitative solution is, however, to be preferred 
and the Company have introduced a combined 
Slide Rule and Power Factor Calculator (Patent 
Application 30421/38) in the form of a 5 in. 
pocket slide rule, which makes the solution of 
such problems a simple matter. 


A curve is reproduced in Fig. 14 which is also 
intended to assist in power factor calculations. 
In this curve Tan ¢ is plotted as ordinates against 
Cos ¢ and so represents the kVAR. required per 
kW. of load at any power factor over the range 


1200Kw. 


Cos 9, = Leapina 
Power FAcTor. 
(b) ER 


Figs. 13(a) and 13(b). 
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(TAN 9) 


KV.A. REACTIVE PER K.W. OF LOAD. 


30 40 *50 


“60 ‘70 “80 “90 


Power FACTOR. (Cos 4) 
Fig. 14. 


of the curve. In Example 1 (page 178) one can 
read from the curve :— 

kVAR. per unit at 0.8 power factor 75 

0.98 ,, 204 
connected apparatus must be for 500 (.75 — .204) 

- 273 kVAR. 

In Example 2 it is desired to find the resulting 
kVAR. and consequent power factor. From the 
curve one may read :— 

kVAR. per unit at 0.76 power factor —  .86 

kKVAR. initially is 1,200 .86 1,030 


kVAR. per unit at 0.80 power factor .75 
“. KVAR. correction = 480 (.75 + .62) - 660 
Final kVAR. = 1,030 — 660 = 370 
per unit — .308 
1,200 


and one may then read from the curve that .308 
corresponds to a power factor of 0.957, and the 


1,200 
maximum demand is therefore 987 


= 1,250 kVA. 
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BATTERY CHARGING 


The Westinghouse Metal Recti- 


fier has proved to be particularly 
suitable for battery charging, 
its main advantages over other 
forms of equipment being its ab- 
solute reliability, freedom from 


need of attention, high effici- 


ency at all loads, and long life. 
Style RP.15. Handles Style RP.20. Handles 


(eotingho” outputs up to 300 watts, outputs up to 600 watts. 


METAL RECTIFIERS 


x e Write for descriptive pamphlet No. 11A to Dept. E.E.J. 
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TURBO-GENERATORS 


for 
SMALL OUTPUTS 


BACK PRESSURE TURBINES 
PASS-OUT TURBINES 
REDUCING TURBINES 

TOPPING TURBINES 


STRAIGHT CONDENSING TURBINES 


The range covers all types and sizes 
for the supply of power and process 
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Write for Publications M56B, S30, 573C. 
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TYPICAL CONSTRUCTION 
Overall diameter - lin 
Composition: 

18 solid copper 
19 hollow brass 
Equivalent copper section, 
0.3 sq. in. 
Weight per 1000 ft. 1580 Ibs. 
Breaking load - 8.3 tons 


Brit. Pat. No. 297,594 


To avoid corona loss in E.H.T. work, 
the overall diameter of the conductor 
must exceed a minimum value, which 
depends on the conditions. Bolton 
Cellular Conductors achieve this result 
without any increase in weight. Their 
principal feature is the substitution of 
hollow wires for a number of the 
solid wires of the ordinary stranded 
conductor. 


By choosing an appropriate combination 
of solid and hollow wires of H.C. 
copper, cadmium-copper, brass, phos- 
phor bronze, and aluminium bronze, it 
is possible to obtain a Bolton Cellular 
Conductor of any des'rred copper 
equivalent characterised by hizh tensile 
strength and suitable overall diameter. 


ESTABLISHED 17863 


Head Office: London Office : 
MARTINS BANK BDG. 168 REGENT ST. 
LIVERPOOL, 2 W.! 


Thomas 


INSTALL A BOLTON 
= = = = 
CONDUCTOR- 
OXO 
| ORO Oe | 
| | 4 7 


THE ENGLISH ELECTRIC JOURNAL July, 1939. 


WORM THREAD 


GRINDING MACHINE 
10 inch by 18 inch 


HIGH OUTPUT 
MAXIMUM EFFICIENCY 


CONTROL GEAR BUILT INTO MACHINE 


COMPACT DESIGN 


CRAVEN BROTHERS cmancrester) LIMITED 
REDDISH - STOCKPORT 


) \ 
\ 
ings 


July. 1939 


THE ENGLISH ELECTRIC JOURNAL 


THE PROGRESSIVE OPERATORS OF THIS MOST SUCCESSFUL 
OF ALL TROLLEYBUSES INCLUDE : 


HOME: Belfast, Birmingham, Bournemouth, Bradford, Darlington, Huddersfield, London, 
Newcastle, Nottingham, Notts. and Derby Traction Co., Portsmouth, i\eading, Rotherham, 
Southend, Walsall. 

OVERSEAS: Adelaide, Milan (Italy), Durban, Johannesburg (S. Africa), Montreal, 
Edmonton (Canada), Sydney (N.S.W.), Moscow (U.S.S.R.), Odense (Denmark). 


LITERATURE ON REQUEST: 


THE ENGLISH ELECTRIC CO. LTD., Traction Dept., BRADFORD. 
THE ASSOCIATED EQUIPMENT CO. LTD., SOUTHALL, MIDDLESEX. 


MANY 
tO 
A 
MAN TRI 
PRIP ELE yses 

{ 


THE ENGLISH ELECTRIC JOURNAL July, 1939 


ELECTR 


(Reg'd Trade Mark) y 
The most recent development 


of Synthetic Resin Insulation, 
either in sheets or mouldings, 
easily machined and specially 
Suitable for high-frequency 


low-loss applications. 
Write for Pamphlet PX-1/38 


EMPIRE 


Varnished insula- 
ting cloth and silk 
tapes. 
Varnished sleeving 
in all colours. i 


W vite for 
Pamphlet E-1/38 


“A MICA MICANITE PAXOLIN 


Cut or machined every form re- 
to any size or quired by the Elec- tion in tubes, 
3 A shape. trical Industry. bushings & cylinders. 


Write for Write for Write for 
Pamphlet M-1/37 Pamphlet MT-1/38 Pamphlet PN-1/38 


COMPANY LIMITED LONDON. 


. 
/ f 
y 
‘ 
& Man urers. 


July, 1939 THE ENGLISH 


INDEX TO | 
ADVERTISERS 


Asquith, William, Ltd. 
Associated British Machine 


Tool Makers, Ltd. II | 
Associated Equipment Co., 

Ltd. XIII 
Attwater & Sons IX 
Babcock & Wilcox, Ltd. .... I 
Bolton, Thomas & Sons Ltd. XI 


Broadbent, Thos. & Sons, Ltd. VII 
Craven Brothers 

(Manchester), Ltd. XII 
English Electric 


Limited XI | 
Germ Lubricants Ltd. III 
Ioco Rubber & Water- 

proofing Co., Ltd. 
London Electric Wire Co. & 

Smiths Ltd. XV 
Marelli & Co. Ltd. .... aa — 
Mason, E. N., & Sons, Ltd..... IV 
Micanite & Insulators Co., 

Ltd. XIV | 
Midland Steel Co., Ltd. IX 
Siemens Brothers & Co., Ltd. VIII 
Silvertown Lubricants Ltd. VI 
Sterling Varnish Co., Ltd. .... Vi! 
Straker Brothers Ltd. XVI | 
Taylor Tunnicliff & Co., Ltd. IV | 
Walker, James & Co., Ltd..... V 


Westinghouse Brake & et 
Co., Ltd. ... 


All communications respecting Editor- 
ial Contents and Advertising Rates 
should be addressed to The Editor, 
The English Electric Journal, 
The English Electric Company Limited, 
Stafford. 


When communicating with Advertisers 
please mention English Electric Journal. 


ELECTRIC JOURNAL 


APPLICATIONS 


(Pure Asbestos Fibre) 


INSULATED WIRES 


COILS WOUND WITH 
“LEWBESTOS” 
CONDUCTORS 


DO NOT BURN OUT 
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